Introduction {#sec1-1}
============

All organisms are affected by stress factors and respond to them in various ways. One stress factor is surgical trauma, which causes activation of systemic, immune and inflammatory responses. An acute inflammatory response can ensue following incisions associated with tissue trauma, organ manipulation, and vascular injury \[[@ref1],[@ref2]\].

At the start of a surgical procedure, the release of catecholamine, corticotrophin, growth hormone and arginine vasopressin is increased via the sympathetic nervous system as a neuroendocrine response. Following the increase in corticotrophin, secretion of cortisol in the adrenal cortex peaks after 4-6 h. The secretion of proinflammatory cytokines, such as tumor necrosis factor-a and interleukins (IL) 1 and 6, is increased \[[@ref3]\]. In clinical practice, cortisol, IL-6, C-reactive protein (CRP) and white blood cell (WBC) count are the common markers used to assess the inflammatory response \[[@ref4]\]. Recent years have also shown that the inflammatory mediators of IL-6 and CRP can be used for early diagnosis of postoperative complications such as infection and anastomotic leakage \[[@ref5]-[@ref7]\]. However, the changes in these mediators may also be independent of any postoperative complications. In the case of uncomplicated operations, it would be valuable to know the magnitude of the peak response of the mediators and the time taken to reach the peak response after a surgical operation. Such information could help determine the conditions under which a change in the response of the mediators is associated with complications. Moreover, it would be useful to determine whether there are correlations among cortisol, IL-6 and WBC count for evaluating the magnitude of the inflammatory response following various abdominal surgical procedures. If such correlations exist among the mediators, an overall assessment of the correlated mediators could be a helpful strategy for postoperative evaluation.

A recent study showed that an increase in cytokine levels during the postoperative period correlates with surgical stress. The increased surgical stress is also associated with potential postoperative short- and long-term consequences \[[@ref8]\]. Therefore, knowing the inflammatory response after various abdominal operations could help minimize surgical stress. The aim of this study was to determine the effectiveness of cortisol, IL-6, CRP and WBC count as inflammatory markers to evaluate the postoperative inflammatory response associated with various abdominal surgical procedures in rats.

Materials and methods {#sec1-2}
=====================

Rat groups {#sec2-1}
----------

Wistar albino rats (N=152, female, varying in weight from 260-280 g) were randomly assigned to 7 groups: control, hepatectomy, splenectomy, nephrectomy, colectomy, gastrectomy, and sham. Each group apart from the controls was then divided into 3 subgroups: 6^th^, 24^th^ and 48^th^ h. Thus, a total of 19 groups were defined, each including 8 rats.

Anesthesia and surgical technique {#sec2-2}
---------------------------------

All rats were placed in cages (4 rats per cage) with standard bedding at room temperature (18-24°C), 12-h light-dark cycle, and free access to standard food and water. Prior to the surgical procedure, the rats were fasted for 6 h. For anesthesia and intraperitoneal injection, ketamine (75 mg/kg) (Ketalar, Pfizer, Turkey) and Xylazine (10 mg/kg) (Rompun®, Bayer AG, Leverkusen, Germany) were used, respectively. For asepsis and intramuscular prophylaxis, polyvinylpyrrolidone iodine 10% and ceftriaxone 100 mg/kg were used, respectively. Bupivacaine 0.25% was applied on incision to provide postoperative pain relief. Postoperative analgesia was performed with ketoprofen (Profenid, Sanofi Aventis, Paris, France), 3 mg/kg subcutaneously, daily. Subcutaneous infusion of 10 mL NaCl 0. 9% was used to hydrate the rats. After the procedure, each rat was placed into its own cage and remained under observation. The rats were again given free access to food and water 5 h after the surgery.

A midline 5 cm laparotomy was performed in all rats but the controls to conduct the planned surgical procedures:

Group 1 (control): no surgical procedure other than anesthesia.Group 2 (hepatectomy): using the partial hepatectomy technique described by Higgins and Anderson \[[@ref9]\], the right medial, left medial and left lateral lobes were resected in a 70% hepatectomy.Group 3 (splenectomy): the splenic vein and artery were ligated using a 4/0 polyglactin suture (Vicryl, Ethicon Endo-Surgery, Cincinnati, USA) for the splenectomy \[[@ref10]\].Group 4 (nephrectomy): nephrectomy was performed with the isolation of the renal hilum and ligation of the right renal artery to the ureter using a 4/0 polyglactin suture (Vicryl, Ethicon Endo-Surgery, Cincinnati, USA) \[[@ref11]\].Group 5 (colectomy): a 5 mm right colon segment 1 cm away from the distal part of the ileocecal valve was resected, avoiding colon bleeding. Then, a single-layer end-to-end anastomosis was applied between the proximal and distal ends using a 6/0 PDS (PDS™ II \[polydioxanone\] Suture Ethicon, USA) atraumatic suture.Group 6 (gastrectomy): 70% partial gastrectomy with standard resection of greater curvature and fundus was performed. Following the resection, gastric mucosa and serosa were closed continuously with a 6/0 PDS (PDS™ II \[polydioxanone\] Suture Ethicon, USA) atraumatic suture.Group7 (sham): only laparotomy was performed.

Following the surgical procedures, the skin and sub-skin tissues of the rats were closed continuously using a 4/0 polyglactin (vicryl, polyglactin, Ethicon, USA) suture.

Blood sample collection and analysis {#sec2-3}
------------------------------------

At the 6th, 24th and 48th h after the surgical procedures, the anesthetized rats were decapitated and 4 mL blood samples from each rat were collected immediately into tubes (BD Plymouth, UK) containing EDTA. The tubes were then centrifuged at 2000 rpm at room temperature for 10 min; the resulting serum was immediately frozen at -80°C for later analysis. The analyses of cortisol, IL-6 and CRP were performed in the pharmacology laboratory, and the WBC count in the biochemical laboratory. The plasma concentrations of cortisol, CRP and IL-6 were measured using an enzyme-linked immunosorbent assay (ELISA) according to the manufacturer's instructions (Cortisol: Elabscience Biotechnology Co., Ltd., Wuhan, P.R.C.; CRP: Boster Biological Technology Co., Ltd., CA; IL-6: Boster Biological Technology Co., Ltd., CA). Leukocyte count was obtained using the Cell-Dyn 3700 Hematology Analyzer (Abott, Minnesota, USA).

Statistical analysis {#sec2-4}
--------------------

All statistical analyses were conducted using SAS/STAT version 9.3 (SAS Institute, Inc., Cary, North Carolina, USA). First, Kolmogorov-Smirnov and Shapiro-Wilk tests were used to assess the normal distribution assumption. Two-way ANOVA was used to assess the effect of surgery category and the elapsed time after surgery (6^th^, 24^th^, 48^th^ h) on IL-6, CRP and cortisol concentrations, and WBC count. Pairwise group means were compared using least-square and Tukey's studentized range *t*-tests. Uncorrected P-values are presented in the tables and figures. However, only Tukey's multiple comparison adjusted and Bonferroni multiple testing corrected P-values were considered as statistically significant (P\<0.05).

Ethics statement {#sec2-5}
----------------

The present study was approved by the local ethics committee. The protocol was approved by the Animal Ethics Review Committee (Permit number 2015-07/04). All experiments were conducted in compliance with the relevant laws and institutional guidelines.

Results {#sec1-3}
=======

Both the surgery category and the elapsed time after the surgery had a significant effect on IL-6 levels. In addition, a significant interaction was observed between surgery categories and the elapsed time (2-way ANOVA, P\<0.0001; [Table 1](#T1){ref-type="table"}). Overall, IL-6 levels were higher in the 6^th^ h subgroup (160.33 pg/mL) than the 24^th^ h subgroup (138.30 pg/mL; P=0.02) and the 48^th^ h subgroup (121.36 pg/mL; P\<0.0001). Averaging all time subgroups, group 2 (hepatectomy) (182.35 pg/mL) and group 6 (gastrectomy) (182.79 pg/mL) had significantly higher IL-6 levels compared to group 1 (control) (115.89 pg/mL), group 7 (sham) (109.91 pg/mL), group 3 (splenectomy) (122.66 pg/mL), and group 5 (colectomy) (115.84 pg/mL) (P\<0.0001). At the 6^th^ h, the gastrectomy group had the highest IL-6 level, significantly higher than the levels in the control, sham, splenectomy and colectomy groups (P\<0.0001; [Table 1](#T1){ref-type="table"}). At the 24^th^ h, the hepatectomy group had the highest IL-6 level, significantly higher than the levels in the control, sham, splenectomy and colectomy groups (P=0.01; [Table 1](#T1){ref-type="table"}). At the 48^th^ h, only the hepatectomy and gastrectomy groups were significantly higher than the sham group (P=0.01; [Table 1](#T1){ref-type="table"}). A significant decrease in IL-6 levels from the 6^th^-48^th^ h subgroups was observed for the colectomy (69.06%; P=0.02) and gastrectomy (59.8%; P=0.005) groups ([Fig. 1A](#F1){ref-type="fig"}).

###### 

Effect of type of surgery and time elapsed since surgery on blood interleukin (IL)-6, C-reactive protein (CRP) and cortisol levels, and leukocyte count in the different surgical groups
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Blood CRP levels were primarily determined by the surgery category (2-way ANOVA P\<0.0001; [Table 1](#T1){ref-type="table"}): the colectomy group had significantly higher CRP levels (34.84 pg/mL) compared to the levels in the control (14.73 pg/mL), gastrectomy (14.73 pg/mL), hepatectomy (16.29 pg/mL) and nephrectomy (17.45 pg/mL) groups. The elapsed time after the surgery did not influence CRP levels significantly (P=0.6). However, in the colectomy group, a statistically significant 2.4-fold increase in CRP levels was observed at the 48^th^ h compared to the 6^th^ h (P=0.004; [Table 1](#T1){ref-type="table"}, [Fig. 1B](#F1){ref-type="fig"}). Neither surgery nor the elapsed time had a significant effect on cortisol levels. At the 48^th^ h, the cortisol level was slightly elevated in the gastrectomy group (P=0.04; [Table 1](#T1){ref-type="table"}, [Fig. 1C](#F1){ref-type="fig"}).

The elapsed time after surgery was the major factor that influenced the differences in WBC count among the surgery groups (P\<0.0001; [Table 1](#T1){ref-type="table"}). When the averages across subgroups were compared, a statistically significant decrease in leukocyte counts was observed among the groups: 6^th^ h (5.75 K/mL), 24^th^ h (4.19 K/mL), 48^th^ h (3.85 K/mL) (P\<0.0001). A greater decline in WBC count was observed between the 6^th^ and 24^th^ h measurements in the colectomy and gastrectomy groups (P=0.02; [Table 1](#T1){ref-type="table"}, [Fig. 1D](#F1){ref-type="fig"}).

Discussion {#sec1-4}
==========

It is well known that metabolic, endocrine, cytokine and acute-phase responses follow trauma and surgical procedures in all organisms. The systemic inflammatory response associated with surgical procedures is crucial for catabolism, cardiovascular homeostasis and operative wound healing \[[@ref12]\]. In this study, using rats, we investigated the effects of various abdominal surgical procedures on the systemic inflammatory response by assessing the magnitude of cortisol, IL-6 and CRP concentrations, and WBC count, at different time points, namely at the 6^th^, 24^th^ and 48^th^ h after the surgery. We specifically focused on investigating these markers because such markers are commonly used in clinical practice \[[@ref4]\].

IL-6 is a cytokine that can be produced by many cells throughout the body, and is a useful marker to assess the systemic inflammatory response after elective operations \[[@ref4]\]. Proinflammatory cytokines are affected by many factors. In particular, multiple factors affect IL-6. Our results showed that IL-6 levels were associated with the elapsed time after the surgery, and IL-6 levels were higher at the 6^th^ h than at the 24^th^ and 48^th^ h for all surgical groups apart from the hepatectomy group. These results are in good agreement with earlier studies \[[@ref13]-[@ref15]\]. For example, IL-6 levels were observed to increase at the 90^th^ and 125^th^ min after laparotomy \[[@ref16]\], indicating that the inflammatory response ensues at an early stage of the operation. While the peak response of IL-6 levels was observed between 12 and 24 h following the surgeries \[[@ref17]\], this time range can be also between 2 and 48 h following several elective surgeries \[[@ref18],[@ref19]\]. In our hepatectomy group, the IL-6 level at the 24^th^ h was higher than that at the 6^th^ and 48^th^ h, though the difference was not statistically significant. In fact, the IL-6 level response was previously observed to peak at between 2 and 48 h after elective liver surgery \[[@ref19]-[@ref21]\]. Thus, it can be said that the peak response to liver resection was reached at a later time, considering this response peaked at the 24^th^ h in our study.

IL-6 levels are known to decrease dramatically from the 48^th^ to the 72^nd^ h after surgery, if a circulating IL-6 complication does not develop \[[@ref22]\]. We also found that the IL-6 level at the 48^th^ h was lower than that of the 6^th^ h. The decrease in IL-6 levels was statistically significant in the colectomy and gastrectomy groups.

Another finding of this study is that a significant association exists between the category of surgical procedure and IL-6 levels. When we pooled all the data regardless of time range, the highest level of IL-6 was found in the gastrectomy and hepatectomy groups, whereas the lowest level was found in the sham, colectomy and control groups. The differences among the groups were statistically significant (P=0.01). As Watt *et al* \[[@ref4]\] reported in a recent systematic review, hepatectomy, colectomy, gastrectomy and nephrectomy were the surgical procedures associated with the highest IL-6 levels. When we classified the surgical procedures as minor, moderate and major operative procedures in our study, the highest levels of IL-6 were observed in major surgical procedures. In terms of IL-6 level, the highest values in the study of Watt *et al* \[[@ref4]\] were associated with hepatectomy and gastrectomy operations, comparing only those surgical procedures similar to those in our study. The IL-6 level associated with colectomy in our study was not among the top 3 highest levels, as observed in the study of Watt *et al* \[[@ref4]\]. In a recent study, Glatz *et al* \[[@ref23]\] investigated the local inflammatory response after colonic resection and found a statistically significantly greater IL-6 level in the open colectomy group at the 24^th^ h post-operation compared to that of the laparoscopic colectomy group. They indicated that the reason could be associated with the additional trauma to the abdominal wall and parietal peritoneum during a laparoscopic operation \[[@ref23]\]. Other studies also showed that increased trauma can cause an increase in inflammatory cytokines and postoperative systemic inflammation, while intraperitoneal leakage is associated with increased levels of IL-6 in the peritoneum \[[@ref24],[@ref25]\]. Taking all into consideration, we suggest that the reason why IL-6 levels did not increase following colectomy might be because no intraabdominal infection developed and/or because there was no severe trauma or injury to the tissue and peritoneum. While IL-6 levels increase with surgical procedures, this increase is not specifically related to the category of surgical procedure.

CRP is an acute-phase protein that increases in parallel with IL-6 level, and its level generally peaks at 24-72 h after operative injury \[[@ref4]\]. It is used as a marker of the systemic inflammatory response \[[@ref12]\]. In our study, there was a statistically significant association between the category of surgical procedure and CRP level, though no significant association was found between the elapsed time after surgery and CRP level. We found that the highest CRP level was in the colectomy group, followed by the sham, splenectomy, nephrectomy and hepatectomy groups. The lowest level, on the other hand, was found in the control and the gastrectomy groups. The highest CRP level observed in the colectomy group could be due to the increased systemic inflammatory response associated with the translocation of colon flora, or intraabdominal infection after the resection. Based on the systematic review by Watt *et al*, the highest CRP level was also observed after colorectal resection, followed by gastrectomy, nephrectomy and hepatectomy \[[@ref4]\]. Previous studies showed that CRP levels were generally lower in minor surgical procedures, such as inguinal hernia and cholecystectomy, compared to moderate surgical procedures, such as colorectal cancer resection and neurosurgical procedures \[[@ref26]-[@ref28]\]. CRP levels were also found to be lower in minimally invasive procedures, for example, laparoscopic rather than open inguinal hernia procedures \[[@ref29]\]. Thus, as with IL-6, the magnitude of the CRP level response has been thought to be associated with the magnitude of operative injuries \[[@ref4]\]. However, as reported in a recent systematic review \[[@ref4]\], the peak CRP value after major liver resection, considered as a major procedure, was reported as 94 mg/L, although the peak CRP value after minor liver resection, considered as a moderate procedure, was reported as 146 mg/L \[[@ref19],[@ref20],[@ref30]\]. Therefore, this finding suggests that the CRP value is not solely related to the magnitude of operative injuries. In fact, earlier studies reported that the CRP response shows patient-to-patient variability \[[@ref31]\]. In some patients, CRP may show no changes, even during inflammatory status. This condition can occur in elderly patients and liver cirrhosis \[[@ref32]\]. Overall, we suggest that the CRP response increases with the systemic inflammatory response, but is not specific to any category of surgical procedure.

Our result also showed that the CRP level in the colectomy group increased with the elapsed time after the surgery, with the peak value being observed at the 48^th^ h. Generally, following injury, the value of CRP starts increasing at 4-6 h, and peaks at the 48^th^ h \[[@ref33]\], returning to its baseline value at 72-168 h \[[@ref34]\]. In the splenectomy group, the CRP peak value was also observed at the 48^th^ h. However, the CRP level can reach the peak response at a different time point depending on the surgical procedure \[[@ref31]\]. For example, the peak CRP response was observed at the 72^nd^ h after open major liver resection, but at the 24^th^ h after gastric bypass surgery \[[@ref30],[@ref35]\]. In the study of Jiang *et al*, the CRP response was reported to peak at the 72^nd^ h after laparoscopic and open splenectomy \[[@ref36]\]. Therefore, it seems that the elapsed time to reach the peak response is associated with the category of surgical procedure.

Cortisol is a steroid hormone that increases after both minor and major surgical procedures \[[@ref37],[@ref38]\]. Interestingly, we found that there were no significant effects of surgical procedure or elapsed time on cortisol level. One explanation for this finding is that we first collected blood samples firstly at the 6^th^ h following the operations, whereas the cortisol level response can peak at as early as 0-4 h \[[@ref4]\]. Furthermore, cortisol secretion is regulated by a negative feedback inhibition mechanism through adrenocorticotropic hormone; operative injury can change this feedback mechanism, leading to a constant high level of cortisol for a long time \[[@ref39]\]. Thus, it is possible that the cortisol level in our study may have reached its peak response before the 6^th^ h and then remained constant at a high level between the 6 and 48 h time points because of a disturbed feedback inhibition mechanism following operative injury. On the other hand, the cortisol levels in our study were similar among the surgical groups. In fact, cortisol peak values were previously found to be similar across a variety of surgical procedures \[[@ref4]\]. However, the cortisol value appears slightly different when minimally invasive or laparoscopic procedures are compared with open procedures, such as the comparison between laparoscopic and open cholecystectomy, or between laparoscopic and open inguinal hernia repair \[[@ref29],[@ref40]\]. Overall, these findings suggest that the magnitude of the cortisol level is not clearly related to the invasiveness of the elective intervention or the category of surgical procedure.

In our study, apart from the splenectomy group, we observed a statistically significant decline in total WBC count at 24 h compared to that at 6 h. An increase in total WBC count followed by a decrease is observed after surgical procedures, and the increase is linked to the increased concentration of neutrophils during the first 24 h after surgical trauma. The neutrophils are removed from the plasma via the spleen, liver and bone marrow, resulting a decline in WBC count \[[@ref41]\]. On the other hand, reduced concentrations of lymphocytes and polymorphonuclear leukocytes were previously reported after major surgical procedures, following an increase in WBC count in the later hours. This decrease and increase are not solely related to stress and bleeding, and tissue trauma is thought to be a major reason behind the change in WBC count \[[@ref42]\]. In fact, Kehinde *et al* also reported a decline in lymphocyte counts at 2 and 24 h, depending on surgical trauma, and Glatz *et al* observed a reduced number of leucocyte 3 days after colonic resection \[[@ref23],[@ref43]\]. Taking all into consideration, we suggest that the decreased WBC count at the 24^th^ h may be associated with the decrease in lymphocytes and polymorphonuclear leukocytes and/or a change in neutrophil concentration. Interestingly, we observed an increased total WBC count at the 24^th^ h in the splenectomy group. The reason for this increase may be related to post-splenectomy leukocytosis, because it is know that post-splenectomy leukocytosis can ensue following splenectomy \[[@ref44],[@ref45]\]. Our conclusion is therefore that the postoperative change in total WBC count is not clearly linked to the category of surgical procedure and operative trauma. Plasma cortisol concentration and the total WBC reached their peaks before the CRP: cortisol at 6 h and WBC at 12 h \[[@ref46]\].

This study had some limitations. First, following the blood sample collection, we did not perform a secondary laparotomy to observe any intraabdominal abscess, infection and anastomotic leakage. Thus, especially in the colectomy group, the increased level of CRP at the 6^th^, 24^th^ and 48^th^ h might be associated secondarily with intraabdominal abscess and anastomotic leakage, as well as infection, because CRP can also be used a marker of intraabdominal infection after colorectal surgery \[[@ref47]\]. Second, we only counted total WBC without differentiating the subgroups of cells. However, the change in total WBC count can be associated with the changes in neutrophils, lymphocytes and other cell types. Thus, we do not know the exact reason for the change in WBC count in this study. In fact, the assessment of postoperative changes in cell count subgroups is still not well established \[[@ref47]\]. Lastly, we used different rats for each subgroup, because it was not practical to collect sufficient blood samples from each rat at multiple time points. Using an animal from which sufficient blood samples can be collected at different time points would be a more suitable way to investigate the inflammatory response of the same animal in a future study.

Our results cumulatively indicate that the levels of IL-6, CRP, and cortisol and WBC count change at different time points (6^th^, 24^th^, 48^th^ h) after several abdominal surgical procedures. Among the markers investigated, changes were observed in IL-6 and CRP levels. While the highest value of IL-6 was found at the 6^th^ h, there was no link between CRP level and the time elapsed after surgery. We observed the highest IL-6 levels in the hepatectomy and gastrectomy groups, and the highest CRP levels in the colectomy and nephrectomy groups. Cortisol level was not related to the category of surgical procedure or the elapsed time, while WBC count decreased with the elapsed time. None of the changes in the markers investigated in this study was specifically related to the category of abdominal surgical procedure. In clinical practice, routine IL-6, CRP, WBC and cortisol measurement need not be performed to evaluate the postoperative inflammatory response. It may be advisable to identify specific targets for IL-6, CRP, WBC and cortisol.

###### Summary Box

**What is already known:**

Metabolic, endocrine, cytokine and acute-phase responses follow trauma and surgical procedures in all organismsThe highest interleukin (IL)-6 levels are observed in hepatectomy, colectomy, gastrectomy and nephrectomy; C-reactive protein (CRP) generally peaks at 24-72 h after operative injury; cortisol increases after both minor and major surgical procedures; total white blood cell (WBC) count may vary in the postoperative period

**What the new findings are:**

The lowest IL-6 levels were found in the sham, colectomy and control groupsCRP response increased with the systemic inflammatory response, but the increase in CRP level was not specific to the category of surgical procedureThe surgical procedure and the elapsed time had no significant effects on cortisol levelThe postoperative change in total WBC count was not clearly linked to the category of surgical procedure or the operative trauma
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